Background: Endometrial cancer is the second most common cancer among female cancer survivors in the United States. Cardiovascular disease is the leading cause of death among endometrial cancer survivors. Studies that examine long-term cardiovascular outcomes among endometrial cancer survivors are critical. Methods: Cohorts of 2648 endometrial cancer survivors diagnosed between 1997 and 2012 and 10 503 age-matched women from the general population were identified. Cardiovascular disease diagnoses were identified from electronic medical records and statewide ambulatory surgery and statewide inpatient data. Cox regression models were used to estimate hazard ratios (HRs) at one to five years, more than five to 10 years, and more than 10 years after cancer diagnosis. Results: Between one and five years after diagnosis, increased cardiovascular risks among endometrial cancer survivors were observed for phlebitis, thrombophlebitis, and thromboembolism (HR ¼ 2.07, 99% confidence interval [CI] ¼ 1.57 to 2.72), pulmonary heart disease (HR ¼ 1.74, 99% CI ¼ 1.26 to 2.40), and atrial fibrillation (HR ¼ 1.50, 99% CI ¼ 1.07 to 2.11). At more than five to 10 years, some elevated risk persisted for cardiovascular diseases. Compared with patients who had surgery, patients who additionally had radiation therapy and/or chemotherapy were at increased risk for heart and circulatory system disorders between one and five years after cancer diagnosis. Older age and obesity were also risk factors for hypertension and heart disease among endometrial cancer survivors. Conclusions: Endometrial cancer survivors are at higher risk for various adverse long-term cardiovascular outcomes compared with women from the general population. This study suggests that increased monitoring for cardiovascular diseases may be necessary for endometrial cancer patients for 10 years after cancer diagnosis.
prostate, colorectal, ovarian, and endometrial cancers reported that endometrial cancer survivors (n ¼ 194) were diagnosed with an average of 2.4 comorbid conditions after their cancer diagnosis, which was second only to breast cancer survivors (with 2.9 comorbid conditions) (14) . In addition, 21.2% of endometrial cancer survivors experienced at least one adverse cardiovascular outcome after cancer diagnosis, which was higher than any of the other cancer sites.
Based on Surveillance, Epidemiology, and End Results (SEER) data, cardiovascular disease was the leading cause of death more than five years after cancer diagnosis among 33 232 endometrial cancer survivors diagnosed between 1973 and 1988 (15) . The proportion of women diagnosed with endometrial cancer who died of cardiovascular disease in this population (42.1%) was higher than that of all women during that same time period (35%). Another study using SEER data for endometrial cancer survivors diagnosed between 1988 and 2002 reported that cardiovascular disease remained the leading cause of death among endometrial cancer survivors between five and ten years after diagnosis (16) .
Obesity is a risk factor for both endometrial cancer and cardiovascular disease (17) . The proportion of the American population that is obese has more than doubled since 1960, from 15.8% to 36.6%, and the proportion that is extremely obese is more than six times greater than in 1960, from 1.4% to 8.6% (18) . This increase in the prevalence of obesity in conjunction with changes in other endometrial cancer risk factors (19) (20) (21) (22) (23) ) may contribute to the increased incidence of endometrial cancer observed over the past several decades.
Many of the studies that have examined long-term outcomes among endometrial cancer survivors had small sample sizes, lacked a comparison group, or relied on patient-reported outcomes (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Studies that examine risk for long-term cardiovascular outcomes among endometrial cancer survivors are becoming increasingly more critical because of the high overall survival rate among individuals diagnosed with endometrial cancer, the large number of endometrial cancer survivors, the projected increase in the number of endometrial cancer diagnoses (3), the introduction of more complex therapies, and the high mortality due to cardiovascular disease among endometrial cancer survivors.
Methods

Data Collection
An initial cohort of 3621 endometrial cancer survivors was identified using the Utah Population Database. Diagnosis data were available from the statewide SEER Utah Cancer Registry for women age 18 years and older diagnosed with invasive first primary endometrial cancer between 1997 and 2012 in the state of Utah (SEER ICD-O-3 codes: C54.0-C55.9). Endometrial cancer histological subtypes adenocarcinoma, endometrioid, mucinous adenocarcinoma, and adenocarcinoma with squamous differentiation were classified as type I (ICD-O-3 morphology codes: 8140, 8260, 8380, 8382, 8480, 8482, 8560, and 8570), and clear cell carcinomas and papillary serous carcinomas as type II (ICD-O-3 morphology codes: 8310, 8441, and 8460) (24) . Endometrial cancer survivors were matched on birth year and birth state with up to five women from the general population. Studies using Utah Population Database (UPDB) data have been approved by the University of Utah's Resource for Genetic and Epidemiologic Research and its Institutional Review Board.
Outcome data used for this study included statewide ambulatory and inpatient data from the Utah Department of Health and electronic medical record data from Intermountain Health Care and the University of Utah Health Sciences Center. Utah is considered to have a minimal percentage of residents who seek health care out of the state, based on a report by the National Association of Health Data Organizations that reviewed interstate exchange of nonresident data for health research and public health purposes (25) . Additionally, according to the US Census Bureau's state-to-state migration flow data for 2016, approximately 2.9% of Utahns left the state; thus the outmigration rate is fairly low (26) . Data from the Utah Population Database included records from the Utah Cancer Registry, Utah driver's licenses, vital records, and the Utah Department of Health. We also identified tobacco smokers with the ICD-9 code for "tobacco use disorders" 305.1, ICD-10 codes for nicotine dependence, and with CPT codes for tobacco cessation counseling based on the American Academy of Family Physicians coding guidelines (27).
A total of 153 endometrial cancer patients were excluded because their cancer was not staged, 470 because grade was missing, 285 because follow-up time did not exceed one year, and 65 because their Utah residence did not exceed one year. Stage and grade were necessary for our sample because we were interested in their potential role in risk for cardiovascular outcomes. There were 2648 endometrial cancer survivors and 10 503 women from the general population included in the final sample.
Outcome data included all available ICD-9 diagnosis codes and diagnosis dates. The Clinical Classification Software developed by the Health Cost and Utilization Project was used to categorize ICD-9 codes into four levels of specificity (levels 1-4) (additional details are provided in the Supplementary Methods, available online; ICD codes are provided in Supplementary  Table 1 , available online) (28) . Long-term cardiovascular outcomes were identified from one to five years, more than five to 10 years, and 10 or more years after endometrial cancer diagnosis. Follow-up time for incident cases of each outcome was calculated from the endometrial cancer survivor's initial cancer diagnosis to the date of diagnosis, last date of follow-up, or date of death. Individuals who did not have that outcome were censored at the date of last follow-up if that date fell within the analysis time period. Level 3 to 4 outcomes diagnosed prior to the start of each analysis time period were considered prevalent cases of those outcomes, and individuals were excluded from the relevant models. Level 2 outcomes were broader and contained multiple disparate conditions; thus we did not exclude prevalent diagnoses.
Statistical Analysis
Chi-square tests were used to compare baseline characteristics between the endometrial cancer survivor and general population cohorts. Multivariable Cox proportional hazard models were used to calculate hazard ratios for long-term cardiovascular outcomes from one to five years, more than five to 10 years, and 10 or more years after endometrial cancer diagnosis. We used 99% confidence intervals to account for multiple testing due to the large number of outcomes. Multivariable models were adjusted for matching factors, baseline body mass index (BMI), baseline Charlson Comorbidity Index (CCI) (29) , and race. Cox proportional hazard models were also used to investigate risk factors such as treatment type, stage, grade, age at diagnosis, year of diagnosis, race, BMI, smoking, family history of cardiovascular disease, and baseline hypercholesterolemia for hypertension, heart disease, arterial diseases, and diseases of the veins and lymphatics among endometrial cancer survivors. We adjusted for tobacco smoking because smoking has been shown to be inversely associated with endometrial cancer (30) and smoking is a risk factor for cardiovascular disease (31) .
The proportional hazards assumption was checked for each model using a test for nonzero slope of the Schoenfeld residuals vs time. Models that were in violation of the proportional hazards assumption were then tested with flexible parametric survival models with restricted cubic splines. Hazard ratios from the Cox proportional hazard models were reported where there were no substantive differences.
Baseline BMI values at least one year prior to endometrial cancer diagnosis were calculated from the driver's license records for both cohorts. For individuals missing BMI, values were imputed using a linear regression model that included cancer diagnosis, baseline CCI, and age at endometrial cancer diagnosis as covariates. Models were run with and without the imputed values to assure that the inferences did not change due to the imputation of BMI.
All statistical tests were two-sided, and a P value of less than .05 was considered statistically significant, except for the results in Tables 3-5 , for which a P value of less than .01 was considered statistically significant.
Results
The endometrial cancer survivors cohort had a higher proportion of obese individuals (44.2% vs 19.2%) than the general population cohort (P < .001) ( Table 1 ). Approximately 81.5% of the endometrial cancer survivors were diagnosed with low-grade tumors, and 80.3% with local-stage disease ( Table 2) .
Elevated risks for hypertension were observed among endometrial cancer survivors compared with the general population cohort ( Approximately 25.7% of cancer survivors were diagnosed with diseases of the heart more than five to 10 years after cancer diagnosis (Table 5 ). Endometrial cancer survivors were 47% more likely to be diagnosed with a disease of the heart between one and five years after cancer diagnosis and 33% more likely between more than five and 10 years after diagnosis. Elevated risks among endometrial cancer survivors were observed for pulmonary heart disease (HR ¼ 1.74, 99% CI ¼ 1.26 to 2.40) and atrial fibrillation (HR ¼ 1.50, 99% CI ¼ 1.07 to 2.11).
Among endometrial cancer survivors, 68.5% were treated with surgery alone, 21.9% with surgery and radiotherapy, 3.2% with surgery and chemotherapy, and 4.7% with surgery, radiotherapy, and chemotherapy (Table 2) . Among individuals treated with radiotherapy and/or chemotherapy in addition to surgery, elevated risks were observed for diseases of arteries, diseases of veins/lymphatics, and heart disease at one to five years compared with those treated with surgery alone (Table 6 ).
Higher BMI was an important risk factor for hypertension and heart disease among endometrial cancer survivors, with both overweight and obese individuals having higher risk (Table 6 ). Obese individuals also had elevated risk of diseases of arteries at one to five years. Risk for hypertension, heart disease, and diseases of arteries, arterioles, and capillaries increased with each 10-year interval of age at diagnosis compared with those diagnosed prior to age 50 years. This association was observed for diseases of the veins and lymphatics at one to five years but not at more than five to 10 years. Stage, grade, and Charlson Comorbidity Index at baseline were important risk factors for these diseases among endometrial cancer survivors.
The comparison of cumulative incidence curves for newly diagnosed pulmonary heart disease, congestive heart failure, phlebitis and thrombophlebitis, and secondary hypertension over the span of one to 10 years after endometrial cancer diagnosis clearly show higher incidence among endometrial cancer survivors compared with the general population cohort (Figure 1 ). Cumulative incidence was greater than 10% for many of these cardiovascular diseases among endometrial cancer patients 10 years after cancer diagnosis.
Discussion
This study is the first to examine risk for all available cardiovascular outcomes in the electronic medical records of several thousand endometrial cancer survivors and matched individuals from the general population in a large cohort study. Endometrial cancer survivors were at higher risk for hypertension, diseases of the arteries, arterioles, and capillaries, diseases of the veins and lymphatics, and diseases of the heart at one to five years after cancer diagnosis, with some risk persisting at five to 10 years after cancer diagnosis. Cerebrovascular disease was the only major category for which no increased risk was observed among endometrial cancer survivors. Among endometrial cancer survivors, our results suggest that risk for heart disease is elevated among individuals treated with chemotherapy compared with those who were treated with surgery alone. Elevated risk was observed for circulatory system disorders among patients treated with radiation therapy and/or chemotherapy in conjunction with surgery compared with patients treated with surgery alone.
Prior studies have reported similar proportions of endometrial cancer survivors who have hypertension diagnoses (43%-51% vs 46.7% in our study) (32) (33) (34) (35) , but this study is the first to quantify risk for hypertension after cancer diagnosis among endometrial cancer survivors compared with the general population. Among endometrial cancer survivors in our study, the strongest predictors for increased risk of hypertension were being overweight or obese, increased age, and higher Charlson Comorbidity Index. Risk did not vary by treatment type, stage, or grade. Our findings provide further evidence for the strong association between shared risk factors for both endometrial cancer and hypertension.
A twofold increase in the risk of phlebitis, thrombophlebitis, and thromboembolism was detected among endometrial cancer survivors in this study. A previous study of 827 endometrial cancer patients identified 72 patients who developed venous thromboembolism (VTE; 8.7%), which was associated with decreased survival (36) . A randomized phase II trial of temsirolimus alone or as combination therapy was suspended early because five events of deep venous thrombosis and two pulmonary emboli occurred in the combination arm (37) . In another study of 1123 gynecologic oncology patients, 3.3% developed VTE and 92% of gynecologic oncology patients were in the highrisk category according to the Caprini risk assessment model for VTE risk because they underwent surgery (38) . Although risk of VTE is fairly established for cancer patients, the risk among endometrial cancer patients relative to a general population cohort had not previously been estimated, to our knowledge. Surgery for endometrial cancer is a potential risk factor for phlebitis, thrombophlebitis, and thromboembolism, but shared risk factors for this diagnosis and endometrial cancer include older age, obesity, and inactivity (39). Hypotension may be a risk factor for cardiovascular and cerebrovascular diseases (40) , and the elevated risk of hypotension among endometrial cancer survivors in this study may be related to the increased heart disease risks. Individuals who have hypertension are also at risk for hypotension when they take medication for hypertension (40) . We observed an increased risk of both hypertension and hypotension among endometrial cancer survivors.
For circulatory system disorders, it is possible that radiation damage to the endothelial cells of the vascular system could be a potential mechanism (41) . Pelvic radiotherapy targets the "gross disease, the lower common iliacs, external iliacs, internal iliacs, parameteria, upper vagina/para-vaginal tissue, and presacral lymph nodes" (45) . Endometrial cancer treatment includes surgery for 93% of patients, radiation therapy for 30%, and chemotherapy for 8% (42) . There has been an increasing trend to use vaginal brachytherapy (7 Gy) instead of beam radiation therapy (45 Gy), resulting in lower radiation exposure (43) and an increasing trend of chemotherapy use (44) . Chemotherapy treatment is not common as it is generally only used to treat stage III or IV patients, who comprise a small proportion of all endometrial cancer patients (<20%). Chemotherapy agents include cisplatin, doxorubicin, paclitaxel, carboplatin, ifosfamide, and docetaxel (45) , some of which may have potential cardiotoxic effects (46) . Targeted drugs of interest under clinical trial testing for endometrial cancer include bevacizumab, everolimus, and nivolumab or ipilimumab (47) .
For diseases of the heart, individuals diagnosed with endometrial cancer were approximately 50% more likely to be diagnosed with cardiac dysrhythmias and congestive heart failure 
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than individuals in the general population at both one to five years and more than five to 10 years after cancer diagnosis. Both have well-established associations with obesity and a number of additional cardiovascular diseases, including hypertension, myocarditis, myocardial infarction, and cardiomyopathy (48, 49) . While cardiomyopathy and myocardial infarction risk was similar to that of the general population, other peri/endo/myocarditis diseases were more common in endometrial cancer survivors. Cardiac dysrhythmias and congestive heart failure as a result of cancer treatment have more often been associated with pharmacologic interventions than with radiation (50, 51) , and the increased risk for heart disease overall among endometrial cancer survivors treated with chemotherapy, either in conjunction with surgery or radiation and surgery, compared with those treated with surgery alone, support this evidence. Our results suggest that cancer treatment increasing the risk of cardiovascular disease was largely confined to one to five years after cancer diagnosis and that treatment with chemotherapy was an important factor. This study has a number of important strengths. The large sample provides a study population that is sufficiently powered to examine a large number of outcomes without being overburdened by the penalty imposed by multiple comparisons. This is a critical feature in a study intended to encapsulate the experience of endometrial cancer survivors over long periods of time. The data used in this study incorporate medical records from the state's two largest health care providers as well as statewide ambulatory surgery and inpatient data, which provide comprehensive medical record data for a large number of individuals.
In addition to the large sample size, these data contain a large amount of follow-up time for individuals in both cohorts. The mean follow-up time among endometrial cancer survivors is 8.5 years. In contrast to cancer survivor studies that rely on selfreports of disease, which are susceptible to survival bias, our study is less susceptible to survival bias because we used longterm health records as the source of disease diagnoses.
This study also has a number of limitations. While this study utilized comprehensive electronic medical record data from the two largest health care systems in the state, as well as statewide ambulatory surgery and inpatient data, there is the possibility that study participants could have been diagnosed with cardiovascular outcomes in hospitals and clinics not covered by the data sources. However, approximately 99.6% of cancer patients and 98.5% of the general population cohort did have records in these data sources. Although 33.8% of the endometrial cancer patients had follow-up for 10þ years after cancer diagnosis, the number of cardiovascular events was small, and we did not have had adequate statistical power to detect increased risks. However, with the UPDB as a data source, we are able to update our analysis on a regular basis. Another limitation of this study is that some of the subjects were missing baseline BMI data, which was addressed by imputation of BMI values. It was required that baseline BMI be recorded at least one year prior to the survivor's cancer diagnosis to minimize temporal issues. We assured that the inferences for our results did not change whether we used only those with BMI included or those whose BMI was imputed.
Treatment data were limited to broad categories and did not include radiation dosage, specific chemotherapy agents, and *Models adjusted for baseline body mass index, baseline Charlson Comorbidity Index, and race. Models in violation of the proportional hazards assumption that were evaluated using flexible parametric survival models with restricted cubic splines. The following outcomes were evaluated, but no elevated risk was observed: chronic rheumatic disease of the heart valves, nonrheumatic mitral valve disorders, other heart valve disorders, unstable angina (intermediate coronary syndrome), other forms of chronic heart disease, atrioventricular block, bundle branch block, anomalous atrioventricular block, sinoatrial node dysfunction, heart failure. CI ¼ confidence interval; HR ¼ hazard ratio. 
duration of treatment. However, the treatment data that were available did provide evidence that risks for several cardiovascular outcomes vary by treatment type and obtaining more detailed treatment data is possible with medical chart abstraction in the future. Medication information would also have been informative but is currently not available. Although we did adjust for tobacco smoking, we did not have detailed frequency or duration of smoking habits to adjust for pack-years of smoking. However, we clearly showed that tobacco smoking was a risk factor for heart disease, as expected. Cancer patients are expected to be under increased medical surveillance, particularly in the first several years after cancer diagnosis. Follow-up is recommended every two to three months for two to three years for endometrial cancer patients according to the National Comprehensive Cancer Network guidelines (45) . Our results for five to 10 years after cancer diagnosis would be less likely to be subject to surveillance bias, and increased risks were observed in this time period. For the risk factor analysis among endometrial cancer patients only, we would expect the disease misclassification to be nondifferential in the comparison groups of potential risk factors. Our estimates for risk factors for cardiovascular disease could be subject to bias toward the null, but we still observed increased risks for various factors such as age and obesity.
In conclusion, endometrial cancer survivors in this cohort were at higher risk for a number of long-term cardiovascular outcomes. Many of the conditions examined in this study have shared risk factors with endometrial cancer. But after adjusting for baseline BMI, baseline Charlson Comorbidity Index, and race, it is clear from these results that survivors of endometrial cancer in this cohort experienced a high burden of cardiovascular events. These results highlight the importance of placing greater emphasis on survivorship and that increased monitoring and risk management for cardiovascular disease for 10 years among endometrial cancer survivors is warranted. hazard ratio. †Models adjusted for CCI, BMI, race, smoking, histology, year of diagnosis, and age at diagnosis. ‡Models adjusted for CCI, BMI, race, smoking, endometrial cancer type. §Models adjusted for CCI, BMI, race, smoking, stage, histology diagnosis year. kModels adjusted for age at diagnosis, diagnosis year, race, smoking. ¶Models adjusted for CCI, age at diagnosis, race. #Models adjusted for CCI, BMI, race, smoking, endometrial cancer type, year of diagnosis, and age at diagnosis. **Models adjusted for CCI, BMI, race, smoking, age at diagnosis.
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